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 7KH RSWLFDO SURSHUWLHV RI WKH QDQRSDUWLFOHV
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8/6,PLFURFKLSV
DFFRPSDQLHG E\ D JURZLQJ QXPEHU RI DFWLYH HOHPHQWV JURZWK RI RSHUDWLQJ IUHTXHQFLHV DQG FRQWLQXRXV
GRZQVFDOLQJXUJHVWKHQHHGWRGHYHORSORZFRVWDQGPDVVSURGXFWLRQFRPSDWLEOHQDQRIDEULFDWLRQWHFKQRORJLHV
:HKDYHEHHQSUHYLRXVO\DEOHWRVKRZWKDWE\SHUIRUPLQJDVRIWIRFXVLRQEHDP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SURFHVVLQJRIWKHVXUIDFH
RIDVLOLFRQRQLVRODWRU62,ZDIHUWKHQGHSRVLWLQJFKDUJHGJROGQDQRSDUWLFOHVRQWRSRILWDQGHYHQWXDOO\ZDVKLQJ
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GHFUHDVLQJFRVWDQGFRQVWDQWO\ LQFUHDVLQJSHUIRUPDQFHDQG WKXVWKH\FDQUHFHQWO\EHIRXQG LQDSSOLFDWLRQVXFKDV
PDWHULDODEODWLRQHJ7HQQHUHWDOXVHGXOWUDVKRUWODVHUSXOVHVIRUDEODWLRQDQGZHOGLQJDQGWKHQWHVWHGWKH
TXDOLW\RIWKHIXVLRQVWDWHRIWKHZHOGHGUHJLRQXVLQJXQLTXHVSHFNOHEDVHGUHPRWHVHQVRU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,QWKLVSDSHUZHLQWHQGWRXVHWKHVHOIDVVHPEO\FDSDELOLW\SUHYLRXVO\GHPRQVWUDWHGE\WKHJURXS6KDKPRRQHW
DOWRJHWKHUZLWKWKHXVDELOLW\RISRZHUIXOSXOVHGODVHULQRUGHUWRJHQHUDWHLQWHUFRQQHFWLRQVZLWKQDQRPHWULF
UHVROXWLRQDVWKLQDVWKHVL]HRIWKHQDQRSDUWLFOHVWKDWDUHLQXVH
7KXV LQ WKLV SDSHU ZH SUHVHQW D QHZ PHWKRG IRU FRQVWUXFWLRQ RI GRZQVFDOHG KLJK UHVROXWLRQ QDQRPHWULF
LQWHUFRQQHFWLRQOLQHV7KHVXJJHVWHGPHWKRGHQDEOHVUHDOL]DWLRQRIVRSKLVWLFDWHGQDQRVWUXFWXUHEDVHGRQPHOWLQJRI
VHOI DVVHPEHOHG JROG QDQRSDUWLFOHV XVLQJ D SLFRVHFRQG ODVHU RSHUDWLQJ DW D ZDYHOHQJWK RI  QP 7KH PDLQ
DGYDQWDJHRI WKLV WHFKQRORJ\ LVE\JHQHUDWLQJIHDWXUHVZKLFKFDQEHDVVPDOODV WKHVL]HRI WKHQDQRSDUWLFOH LWVHOI
GRZQWRQPZKLFKLVIDUEH\RQGWKHFDSDELOLWLHVRIDQ\SKRWROLWKRJUDSK\SURFHVV7KLVKLJKUHVROXWLRQLVPXFK
EHWWHUWKDQWKHSRVVLEOHVSDWLDOZLGWKRIWKHXOWUDVKRUWODVHUSXOVHEHFDXVHLQWKHSURSRVHGSURFHVVWKHQDQRPHWULF
VHOHFWLYLW\LVREWDLQHGZLWKWKH),%RUWKH6(0SURFHVVLQJZKLFKSRVLWLRQWKHQDQRSDUWLFOHVLQWKHULJKWSRVLWLRQV
7KRVH WRROV KDYH QDQRPDWULF SUHFLVLRQ DQG VHOHFWLYLW\ 7KH ODVHU LV RQO\ UHVSRQVLEOH WR WKH PHOWLQJ RI WKH
QDQRSDUWLFOHV7KXVDOWKRXJK WKHEHDPRI WKH ODVHU LVPXFKZLGHU WKDQ WKHQPSDUWLFOHVRQO\RQHQDQRSDUWLFOH
ZLGWKLVVXSSRVHGWRIDOOLQVLGHWKHVFDQQLQJODVHUEHDPWKDWLVUHVSRQVLEOHIRUWKHPHOWLQJ
7KH SDSHU LV FRQVWUXFWHG DV IROORZV WKH DVVHPEO\ SURFHVV RI WKH QDQRSDUWLFOHV LQWR WKH GHVLUHG VWUXFWXUHV LV
SUHVHQWHGLQ6HFWLRQ7KHSUHOLPLQDU\H[SHULPHQWDOUHVXOWVDUHSUHVHQWHGLQ6HFWLRQZKLOHWKHSDSHULVFRQFOXGHG
LQ6HFWLRQ
1DQRSDUWLFOHVDVVHPEO\
$VSUHYLRXVO\PHQWLRQHG WKHSURSRVHGIDEULFDWLRQSURFHVV LQYROYHVPDUNLQJWKHVXUIDFHRI WKHPLFURHOHFWURQLF
ZDIHUE\),%7KHPDUNLQJRI WKH VXUIDFHFDQDOVREHGRQHE\DQHOHFWURQLFEHDP6(0$IWHU WKHPDUNLQJZH
SODFHDVXVSHQVLRQZLWKFKDUJHGPHWDOOLFJROGQDQRSDUWLFOHVRQWRSRIWKHZDIHU,QWKHFDVHRI),%WKHSRVLWLYH
LRQV RI WKH ),% DUH LPSODQWHG LQ WKH R[LGH EHORZ WKH VLOLFRQ VXUIDFH RI WKH ZDIHU DQG WKXV QHJDWLYHO\ FKDUJHG
QDQRSDUWLFOHV IURP WKH VXVSHQVLRQ ZLOO VWLFN WR WKH SRVLWLRQHG PDUNHG E\ WKH ),% WKH GHVLUHG FRQGXFWLQJ
LQWHUFRQQHFWLRQOLQHVWKDWDUHWREHIDEULFDWHG,QWKHFDVHRI6(0QHJDWLYHO\FKDUJHGHOHFWURQVZLOOVWLFNEHORZWKH
VXUIDFH RI WKH ZDIHU DQG WKXV SRVLWLYHO\ FKDUJHG PHWDOOLF QDQRSDUWLFOHV RXJKW WR EH XVHG $JDLQ GXH WR WKH
HOHFWURVWDWLF IRUFH WKRVH QDQRSDUWLFOHV ZLOO VWLFN RQO\ WR WKH ORFDWLRQV PDUNHG E\ WKH 6(0 WKH FRQGXFWLQJ
LQWHUFRQQHFWLQJOLQHV
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)LJXUHSUHVHQWV WKHDVVHPEO\RI$XJROGQDQRSDUWLFOHV DIWHUVXUIDFHFOHDQLQJSURFHVVZLWKLQDSRVLWLRQRI
RQO\DERXWQP;QPWKDWZDVPDUNHGXVLQJWKH),%WHFKQRORJ\LH LPSODQWDWLRQRISRVLWLYH*DLRQV
ZKLOHRQWKHUHVWRIWKHVXUIDFHQRQDQRSDUWLFOHVUHPDLQDIWHUWKHVXUIDFHFOHDQLQJSURFHGXUH)LJXUHDVKRZVWRS
YLHZDWRPLFIRUFHPLFURVFRSH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LPDJHRIWKHUHVXOWDIWHUGHSRVLWLRQRIQHJDWLYHO\FKDUJHGJROGQDQRSDUWLFOHV
KDYLQJGLDPHWHURIQP$IWHUWKHVXUIDFHFOHDQLQJSURFHVVWKH\VWLFNRQO\WRWKHSRVLWLRQPDUNHGE\WKH),%
)LJXUHESUHVHQWVDFURVVVHFWLRQRIWKUHHRXWRIWKHVHOIDVVHPEOHG$XQDQRSDUWLFOHVPDUNHGZLWKDOLQHLQ)LJ
D7KHGDVKHGYHUWLFDOOLQHVUHIHUVWRWKHORFDWLRQRIWKH³SOXV´FXUVRUVVKRZQLQ)LJD


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E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)LJ$)0LPDJHVRIQP;QPFHQWUDOUHJLRQD)DEULFDWHGSDWWHUQDIWHUWKHDVVHPEO\RIWKHQPQDQRSDUWLFOHVE&URVVVHFWLRQ
RIWKUHHQPVHOIDVVHPEOHGQDQRSDUWLFOHVWKHGDVKHGYHUWLFDOOLQHVUHIHUVWRWKHORFDWLRQRIWKH³SOXV´FXUVRUVVKRZQLQ)LJD

,Q)LJZHSUHVHQWWRSYLHZ6(0LPDJHRIDGGLWLRQDOVWUXFWXUHLQZKLFKWKHJROGQDQRSDUWLFOHVDUHDVVHPEOHG
DORQJ D VWUDLJKW OLQH IDEULFDWHG XVLQJ WKH ),% 7KLV ILJXUH GHPRQVWUDWHV KRZ WKH QDQRSDUWLFOHV VWLFN RQO\ WR WKH
SUHGHWHUPLQHGOLQHIDEULFDWHGXVLQJWKH),%ZKHUHWKH*DLRQVDWWUDFW WKHQHJDWLYHO\FKDUJHGQDQRSDUWLFOHV7KLV
OLQHFDQEHXVHGDVSDUWRIWKHLQWHUFRQQHFWLRQOLQH


)LJ7RSYLHZ6(0LPDJHRIDVWUDLJKWOLQHIDEULFDWHGXVLQJWKH),%7KHJROGQDQRSDUWLFOHVVWLFNRQO\WRWKHSUHGHWHUPLQHGVWUXFWXUH
IDEULFDWHGXVLQJWKH),%
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,Q)LJZHSUHVHQWWKHIDEULFDWLRQRIWKHQHJDWLYHO\FKDUJHGVHOIDVVHPEO\SDWWHUQVSHUIRUPHGXVLQJ6(0,QWKH
ILJXUH D FRUQHU OLNH VKDSH ZDV PDUNHG IDEULFDWHG E\ 6(0 DQG SRVLWLYHO\ FKDUJHG QDQRSDUWLFLSOHV ZKLFK ZHUH
GLVSRVLWLRQHGDORQJWKHVXUIDFHRIWKHVDPSOHZHUHFDXJKWRQO\DORQJWKHDUHDRIWKHPDUNHGVKDSH



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([SHULPHQWDOUHVXOWV
,Q WKH H[SHULPHQWV ZH XVHG XQFRQMXJDWHG JROG QDQRSDUWLFOHV LQ DQ DTXHRXV VXVSHQVLRQ 7KH GLDPHWHU RI WKH
QDQRSDUWLFOHV WKDWZHXVHGZHUHQP 63, VXSSOLHV86$ZKLOH WKHSDUWLFOH VL]HGLVWULEXWLRQZDV OHVV WKDQ
SHUFHQWRIWKHDYHUDJH7KHLGHDZDVWRPHOWWKHDVVHPEOHGQDQRSDUWLFOHVLQWRWKHGHVLUHGVWUXFWXUHVZLWKRXWFDXVLQJ
DQ\ DEODWLRQ SURFHVV RU RWKHU RSWLRQDO GDPDJHV HLWKHU WR WKH QDQRSDUWLFOHV RU WR WKHZDIHU ,Q RUGHU WRPHOW WKH
QDQRSDUWLFOHVZHLOOXPLQDWHGWKHVDPSOHXVLQJDSLFRVHFRQGODVHUWLPHEDQGZLGWK)8(*2DWDZDYHOHQJWKRI
QP7KHODVHUEHDPSURSDJDWHGDORQJWKHRSWLFDOSDWKRIRXUVHWXS7KHODVHUEHDPZDVIRFXVHGXVLQJDQREMHFWLYH
OHQV2O\PSXV;1$RIXQWLO LWDSSURDFKHVWKHGHVLUHGVWUXFWXUHV7KHVSRWVL]HRI WKHODVHUEHDPRQWKH
VXUIDFHRIWKHQDQRSDUWLFOHVVWUXFWXUHZDVDERXWPDQGIRUDOOH[SHULPHQWVFHQWHUHGWRWKHOLQHRIQDQRSDUWLFOHV
7KH LQWHQVLW\GLVWULEXWLRQ LVDVVXPHG WREHKRPRJHQLXV IRU WKHJROGHQQDQRSDUWLFOHVDV WKHLUVL]H LV WZRRUGHUVRI
PDJQLWXGH VPDOOHU WKDQ WKH ODVHU VSRW 7KLVZDV D EHDPZLWK*DXVVLDQZKLOH  P ZDV LWV  VLJPD VWDQGDUG
GHYLDWLRQZLGWK'LIIHUHQWODVHUHQHUJLHVZHUHWHVWHGZKLOHWKHUHSHWLWLRQUDWHZDVIL[HGWRDPD[LPXPRI0+]
DQGWKHWUDQVODWLRQVSHHGRIWKHVDPSOHZDVDOZD\VPPV
)LJXUHVKRZVWRSYLHZ6(0LPDJHRIWKHIDEULFDWLRQSURFHVVRIWKHLQWHUFRQQHFWLRQOLQH)LJXUHDVKRZVWKH
DVVHPEOHGQDQRSDUWLFOHVDORQJWKHSDWWHUQRIWKHLQWHUFRQQHFWLRQOLQHZKLOHLQ)LJEZHVKRZWKHQDQRSDUWLFOHV
VWUXFWXUHDIWHU WKHUDGLDWLRQRI WKHSLFRVHFRQG ODVHU7KLVSDUWLFXODUVWUXFWXUHZDVUDGLDWHGRQO\ZLWK WZRGLIIHUHQW
HQHUJLHVLQRUGHUWRGHPRQVWUDWHDQGLGHQWLI\WKHPHOWLQJWKUHVKROGSRLQWRIWKHQDQRSDUWLFOHV
7KHWZRRSSRVLQJVROLGUHGDUURZVLQGLFDWHWKHWKUHVKROGSRLQWRIWKHWZRHQHUJLHV³(QHUJ\´DQG³(QHUJ\´
UHIHUWRHQHUJ\RIS-DQGS-UHVSHFWLYHO\
3OHDVH QRWH WKDW WKH UHG GDVKHG OLQH LQGLFDWHV D VHJPHQW RI WKUHH QDQRSDUWLFOHV DV D UHIHUHQFH SRLQW IRU WKH
DVVHPEOHGQDQRSDUWLFOHV$FURVVVHFWLRQDOYLHZDORQJWKH<=D[HVJHQHUDWHGE\WKH),%LVSUHVHQWHGLQ)LJF
2QHPD\ VHH WKDW WKH QDQRSDUWLFOHV DUH XQLIRUPO\PHOWHG DORQJ WKH WXQQHO RI WKH LQWHUFRQQHFWLRQ OLQH7KH FURVV
VHFWLRQRIWKHJHQHUDWHGLQWHUFRQQHFWLRQOLQHLVWULDQJOHKDYLQJGHSWKDQGZLGWKRIDERXWQP
,Q )LJ G RQHPD\ VHH DQRWKHU H[SHULPHQWDO H[DPSOH LQZKLFK WKHPHOWLQJ RI WKH QDQRSDUWLFOHV VWDUWV 7KH
PHOWLQJSRVLWLRQDORQJWKHLQWHUFRQQHFWLRQOLQHLVEHLQJPDUNHGE\WKHUHGDUURZ7KHSDUDPHWHUVRIWKHODVHUWKDW
ZHUHXVHGKHUHFRUUHVSRQGWRDSXOVHHQHUJ\RIS-

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E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

F


G
)LJ6(0LPDJHVRIWKHFRQVWUXFWLRQRIWKHLQWHUFRQQHFWLRQOLQHD7KHOLQHDIWHUDVVHPEOLQJWKHJROGQDQRSDUWLFOHVE$VVHPEOHG
QDQRSDUWLFOHVDIWHUWKHODVHULOOXPLQDWLRQF&URVVVHFWLRQDOYLHZDORQJWKH<=D[HVG$QRWKHUH[SHULPHQWDOH[DPSOHIRUJHQHUDWLRQRI
LQWHUFRQQHFWLRQOLQH7KHPHOWLQJSRVLWLRQRIWKHQDQRSDUWFLOHVLVPDUNHGZLWKUHGDUURZ
'LVFXVVLRQRI5HVXOWV
,QWKLVSDSHUZHZHUHDEOHWRVKRZWKDWQDQRSDUWLFOHVRIQPLQGLDPHWHUFDQEHSUHFLVHO\SRVLWLRQHGXVLQJHJ
),%DQGWKHQVHOHFWLYHO\PHOWHGE\SXOVHGODVHU7KHUHVXOWVSUHVHQWHGKHUHDUHYHU\SUHOLPLQDU\ZKLOHRQO\WKHSURRI
RIFRQFHSWZDVGHPRQVWUDWHGDQGLQWHQVLYHIXWXUHH[SORUDWLRQLVQHHGHGLQRUGHUWREHDEOHLQWKHIXWXUHWRJHQHUDWH
LQWHUFRQQHFWVKDYLQJXQLIRUPFRQGXFWLRQSURSHUW\2EYLRXVO\WKHKRPRJHQHLW\RIWKHPHOWLQJVKRXOGEHLPSURYHG
RWKHUZLVHWKHHOHFWULFDOSURSHUWLHVRIWKHFRQGXFWRUVZLOOQRWVXIILFH,QWKHH[SHULPHQWVZHVDZWKDWWKHRXWFRPHRI
WKHSURFHVVLVYHU\PXFKGHSHGHQWRQWKHSRZHUGHQVLW\RIWKHODVHUEHDPZKLFKLVKLJKO\DVVRFLDWHGZLWKWKHTXDOLW\
DQGWKHSURSHUW\RIWKHIRFXVLQJRSWLFV7KHZDYHOHQJWKRIWKHODVHULVDOVRLPSRUWDQWDVEHWWHUPDWFKLQJEHWZHHQLW
DQG WKHSODVPRQLF UHVRQDQFHRI WKHQDQRSDUWLFOHVRSWLPL]HV WKHFRQYHUVLRQSURFHVV LQZKLFK WKH ODVHU¶VHQHUJ\ LV
WUDQVIHUUHG LQWR WKH KHDWLQJ RI WKH QDQRSDUWLFOHV 7KH UHSHWLWLRQ UDWH RI WKH ODVHU RU LQ JHQHUDO LWV WHPSRUDO
FKDUDFWHULVWLFVHJXVLQJD&:LQVWHDGRISXOVHGODVHUDIIHFWVWKHPHOWLQJSURFHVVVLQFHWKLVSURFHVVLVYHU\PXFK
GHSHQGHQW RQ WKH WKHUPRG\QDPLF SURFHVV RFFXUULQJ RQ WKH QDQRSDUWFLOHV 7KXV WKHLU VL]H DIIHFWV WKH RSWLPDO
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WHPSRUDOFKDUDFWHULVWLFVRIWKHLOOXPLQDWLRQODVHUWKDWLVWREHDSSOLHGIRUWKHPHOWLQJ,WLVWUXHWKDWD&:ODVHUFRXOG
EHXVHGDVZHOO7KHDGYDQWDJHRIWKHSXOVHGODVHULVWKDWYHU\ODUJHSRZHUSHDNSRZHUFDQEHWUDQVIHUUHGLQDVKRUW
SHULRGRIWLPHZKLFKFDQEHPDWFKHGWRWKHWKHUPRG\QDPLFVRIWKHQDQRSDUWLFOHVZHDLPWRPHOW
&RQFOXVLRQV
,QWKLVSDSHUZHKDYHSUHVHQWHGDSUHOLPLQDU\GHPRQVWUDWLRQRIKRZRQHFDQUHDOL]HQDQRPHWULFLQWHUFRQQHFWLRQ
OLQHVDQGFRQGXFWRUVRQDPLFURHOHFWURQLFVZDIHUDQGFKLSVE\DVLPSOHSURFHVVLQYROYLQJVHOIDVVHPEO\RIPHWDOOLF
QDQRSDUWLFOHVIROORZHGE\DODVHUZHOGLQJSURFHVV
,QFRQWUDVWWRGHHSXOWUDYLROHW89OLWKRJUDSK\DVWKHFRPPRQIDEULFDWLRQSURFHVVZKHUHUHDFKLQJUHVROXWLRQRI
IHZWHQVRIQPLVSUREOHPDWLFKHUHWKHUHVROXWLRQLVEDVLFDOO\OLPLWHGPDLQO\E\WKHVL]HRIWKHXVHGQDQRSDUWLFOHV
ZKLFKFDQEHDVVPDOODVRQO\IHZQP
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